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AUTHORITY AND PURPOSE 
The Corarnittee w a s  requested. t o  i n v e s t i g a t e  t h e  e f f e c t  
of va r ious  types  of r i v e t  heads on hydrodynamic r e s i s t a n c e  
by t h e  Bureau. o f  Aeronaut ics ,  Navy DepartmeaL, i n  t h e i r  
l e t t e r  of Septenber 23, 1933. I t  w a s  proposed by t h e  
3 , A . C . A .  t a n k  t o  o b t a i n  t h e  r e s i s t a n c e  of t h e  va r ious  
t 3 ~ e s  by t e s t s  of p l a n i n g  s u r f a c e s  on which t h e  f u l l - s i z e  
r i v e t s  would be a r ranged  i n  s u i t a b l e  p a t t e r n s ,  Tlle neces- 
sary s u r f a c e s ,  cons t ruc t ed  as suggested by t h e  Committee, 
m e r e  supp l i ed  f o r  t h e  t e s t s  by t h e  Bureau, 
TRE PLANING SURXACES 
D e t a i l s  of t h e  s u r f a c e s  used i n  t h e  t e s t s  a r e  shown 
i n  f i g u r e s  1, 2 ,  3,  and 4. ?hey t a k e  t h e  form of aluminum 
boxes mhich f i t  over a common c o r e  of oak so t h a t  no at- 
tachment screws a r e  necessary  on t h e  bottom sur face .  The 
c o r e  p rov ides  l o n g i t u d i 2 a l  s t i f f n e s s  and a  means of a t t ach -  
meat t o  t h e  towing gear ,  I t  was found aecessary  t o  f i t  
square-edged s t e e l  s t r i p s  at  t h e  s i d e s  of  t h e  assembled 
s u r f a c e  as shown i n  f i g a r e  4, because t h e  r a d i u s  formed i n  
breaking over  t h e  aluminum shee t  al lowed t h e  wa te r  $ 0  f low 
around the o r i g i n a l  edges,  making t h e  wet ted a r e a  inde te r -  
iainat e. 
The r i v e t   patter^, shown i n  f i g u r e s  3 and 4 ,  c o u s i s t s  
of a stngle l o n g i t u d i n a l  r o w  on t h e  c e n t e r  l i v e  a t  2-incb 
spac ing  and transqrerse rows every 20 inches  a t  1-inch 
spacing.  The arrangement i s  in tended  t o  s imu la t e  a typ- 
i c a l  pane l  on t h e  planing bottom of a seap lane  h u l l  i n  n w  
of a a t r r n g e r ,  The s u r f a c e s  were not p e r f e c t l y  f l a t  and 
s t r a i g h t ,  but t h e  d e p a r t u r e s  from ax i d e a l  p l ane  su r f ace  
wore probably no g r e a t e r  than those  found i n  comrnerciallg 
f l a t  shee t .  
The r i v e t  s i z e  was s t a t e d  by t h e  Bureau t o  be 5/32 
i n c h  i n  each case .  The des igna t ion  of t h e  s u r f a c e s  and 
t h e  typea o f  r i v e t s  correspoading t o  measurements of t h e  
heads  a r e  as fol lows:  
2ms,!L~_h_ead_ 
Smooth s u r f a c e  (no r i v e t s )  
Sunken heads (mushroom heads w i th  
dimpled p l a t i n g )  
B r a z i e r  heads 
Round heads 
HETHOD OF TESTIMG 
Each su r f ace  was towed a long  t h e  su r f ace  of t h e  va- 
t e x  i n  t h e  N.A.C.A. t ank  as a p l a n i n g  s u r f a c e ,  i n  t h e  man- 
ne r  and u s i n g  t h e  equipment desc r ibed  i n  r e f e rence  1. 
The r e s i s t a n c e  o f  a p l an ing  s u r f a c e  inc ludes  both wavem 
making and f r i c t  i ons1  r e s i s t a n c e  bu t ,  as brought out  i n  
r e f e r e n c e  2 ,  t h e  l a t t e r  becomes a n  i n c r e a s i n g l y  l a r g e  p a r t  
of t h e  t o t a l  a s  t h e  ang le  t h a t  t h e  p lan ing  s u r f a c e s  makes 
w i th  t h e  water  s u r f a c e  decreases ,  Accordingly t h e  t e s t  
runs  were made a t  t h e  lowest  p r a c t i c a b l e  angle  of t r i m ,  
which was found from p re l imina ry  runs t o  be 1&O.  The con- 
s t a n t  speeds used f o r  t h e  t e s t  runs  ranged f r o n  30 t o  60 
f e e t  p e r  second, and a t  t h e s e  speeds t h e  s u r f a c e s  were 
loaded i n  such a manner as t o  g i v e  wetted l e n g t h s  ranging 
from 25  inches  t o  55 inches  forward of t h e  t r a i l i n g  edge. 
The windage t a r e  t o  be deducted from t h e  g r o s s  re- 
s i s t a n c e  neasured by t h e  dynamometer was obta ined  by runs  
made w i t h  t h e  smoobh model at  t h e  angle  of t r i m  used i n  
t h e  t e s t s  but with  t h e  t r a i l i n g  edge one inch  c l e a r  of t h e  
water. Thus t h e  ne t  r e s i s t a n c e  i n c l u d e s  t h e  i n t e r f e r e n c e  
at t h e  i n t e r s e c t i o n s  of t h e  p l a t e  and t h e  wate r  but does  
no t  i nc lude  t h e  remaining a i r  drag of t h e  model o r  towing 
g e a r  
The wet ted  l e n g t h  was r ead  v i s u a l l y  a t  t h e  s i d e  4f 
t h e  p l a t e s  on a s c a l e  graduated i n  i nches  f ~ o m  t h e  t ra i l -  
i ng  edger The t e s t s  on p l a n i n g  s u r f a c e s  made by So t to r f  
( r e f e r e n c e  3) show t h a t  t h i s  l e n g t h  i s  s u b s t a n t i a l l y  con- 
s t a n t  a c r o s s  a f l a t  p l a n i n g  s u r f a c e r  
Paired curves of the values of net resistance and 
wetted length obtained fron the tests of the surfaces are 
givec ir figares 5 to 12. The order of merit of the va- 
rious arrangements may be found by conparisons among the 
reslstance values given, Since the wetted length is ex- 
tremely sensitive to change in trin, the difference in 
wetted length among the models is attributed primarily to 
small differences in the trim angle caused by very small 
errors in locking the gear controlling the angles for the 
different set-ups. 
The properties of the water during the tests mere as 
follows: 
Tesk Ea_t,e_r_-t_ea-~. specific ginemat ic &&a. %&@ O F? ~~~ii%h%. v,&cosit~ 
-- l_b_J%%,ft_L ~k."/sec* 
*. deasured one foot from surface. 
Figure 13, paralleling figure 1lb of reference 2, 
shows the forces acting on a flat planing surface when the 
top and side edges are free of water and hence only under 
atnospheric pressure, From the diagram the f rf ction conm 
ponent parallel to the plate nay be found fron the meas- 
used resistance and load. 
Cross plots of resistance and wetted length against 
load for speeds of 30, 40, 50, and 60 feet per second were 
made for each model, enabling a further elimination of er- 
ror in fairing the original data. The resistance and load 
f o r  wet ted l e n g t h s  of 2 5 ,  35, 45, and 55 inches  were ob- 
t a i n e d  from t h e s e  c r o s s  p l o t s  and t h e  f r i e t i o n  camponent 
c a l c u l a t e d  f o r  each condi t ion ,  These f o r c e s  wero then  
conver ted t o  the  nondimensional f r i c t i o c  coe f f i c i enB  
p ,  water  d e n s i t y ,  lb. s e c a 2 / f  + a 4  
V ,  speed, f t ,  p e r  sec ,  
A ,  wet ted  a r e a ,  s q . f t ,  
I n  computing A ,  t h e  width  over t h e  s t e e l  s t r i p s  which 
were added was used. 
Figure  1 4  shows t h e  c a l c u l a t e d  va lues  of Cf, f o r  
the s u r f a c e s  wi th  t h e  va r ious  r i v e t  heads,  p l o t t e d  a g a i n s t  
speed, Values o f  P r a n d t l ' s  c o e f f i c i e n t  f o r  a smooth f l a t  
p l a t e  havlng a t u r b u l e n t  boundary l a y e r  w i th  l a n i n a r  ap- 
p roach  a r e  p l o t t e d  f o r  comparison. These v a l u e s  a r e  ca l -  
c u l a t e d  from t h e  r e l a t i o a  
where I? i s  t he  Reynolds Number. This  express ion  i s  
t akan  from "Applieii Hydro- and Beromechasics," by P r a n d t l  
and T i e t j e n s ,  publ i shed  i n  1934, 
I t  w i l l  be seeu t h a t  t h e  c o e f f i c i e n t s  ob t a ined  f r o n  
t h o  smooth planimg su r f ace  t e s t e d  ia  t h e  tank  a r e  g e n e r a l l y  
lower than  those  from P r a n d t l '  s  f ornula ,  The f a i r l y  c l o s e  
agreements ,  however, p a r t i c u l a r l y  a t  t h e  h i g h e r  wet ted 
l e n g t h s ,  e s t a b l i s h  t h e  v a l i d i t y  of t h e  r e s u l t s  from t e s t s  
of p l an ing  s u r f a c e s  f o r  a comparative t e s t  of t h i s  na tu re ,  
Logari thmia p l o t t i n g  of t h e  f r i c t i o n  f o r c e  a g a i n s t  
speed f o r  wetted l e n g t h s  of 45 and 55 inches  ( f i g ,  15)  in- 
d i c a t e s  t h a t  t h e  f o r c e  ob ta ined  v a r i e s  approximately  a s  
v ~ ' ~ ~  and t h a t  t h e  r e l a t i v e  mer i t  shown v l l l  extend t o  
t h e  u s u a l  get-away speeds f o r  seap lanes ,  
CONCLUSIONS 
From t h e  s tandpoin t  o f  hydrodynamic r e s i s t a n c e ,  t h e  
f e s t s  show that  1 I 1 
1. The sunken dimpled type  of r i v e t i n g  i s  only  i 
s l i g h t l y  i n f e r i o r  t o  t h e  f l u s h  t y p e  (smooth su r f ace ) .  dJ f 
2 .  The b raz i e r -  and  round-type heads have a l a r g e r  I 
adverse  e f f e c t ,  
3. Tho braz ie r - type  head i s  p r e f e r a b l e  do t h e  round j 
* 
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